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.ue eurrent developoen. of melour powtred ofreraft invobres 
many probleme which are relativuly wiimportant in tae design of large 


70076:03 loez.ed reactors, (nue of these problems is ue design of 





due arrepgements vwirich wlll omterially recuee the weicht of iuc 





Shiela and yet culfichentiy vrotect we crew. One possibility is tne use 
of n shana shield between tiw reactor ana the crew commertment. Another 
38 a colit shield there the shielding placed next to the reactor reuuces 
the wellatiion to some depres end súciticaci shielding plecec aroun! the 





seen comparimen. reduces ihe radiacion within the commartment to per- 
miscible levels, 
Wi. suieldin, avrangawns of these or similar types sone of the 


Peactor<procuedu REVIZYON aul @rrex[cy rociation will be seattered by tic 





etructure of tèt airerafi. fo domen tiw shield properly, WUE amount 
titig graivered ration WEL enters ihe crew comperiment rant be found. 
This am either be done by maths bios. Girect moasurenent molds. 
Gensidering dc ewwplox struciorm uhat an airplane neceoserily tae, the 
latte; retou @aploying a model of the airplane is seobebly tke nore 
LOeGiole wey. 

Thus, re relationmtriy .ctween Un scaturing by the model aw the 
fullescalc starucwure must be moun. This rehetloneliip with a sinpli fied 


girecture wee tle object of this investigation. 
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IX. DEVID OP LITOCA DURE 





the senturing of neutrons ond sama reys by survctuwwal matcrial were 
fomi an the literature. However; many #tudioc6 related to this subject 
Ghasgow (1) dare 
an! air of a leboratory by susvending from the center of the celiing a 
souree and detector at various distances ebove tho floor of a cubic 
Pom, “he exorossions he usec for calewlating the expected scaticring 
were for an infinite air medium and for the flux of seatticred nenteons 





retumin to a Source when the source is midway betweon two noneeantwan 
BSeni-iiinite modia, hore tho wells, 

Plogzet (2) developed ferralas for the intensity of gonna rays 
peattered by air from & souree to a reeciver but restricted nis analysis 
to siyle scattoróng. sé mate similar caloulations for the intensity of 
nevizons singly seattorud by oir from a souve to a recciver. ie also 
developel ap zwosinate expressions for the reflection of ¿ame rays and 
neutrons fron a owt infinite slabs 

As a continuation of tis, “lesset and others (3) illustrated by 
exect calculniions too Geometrical effeeis of the sise of a shadow shield 
a a source on ihe intensity of samme raye scattered into « receivers 

Tue ¿sepa rey backscattering, from various materials was investiccted 
excerinenually and qualita ively by Hine ani KoCall (h), The eowripertal 


procedure involved placin; a vol seurce on or Raving it suspended over 
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the horizonielly pieced sézitaring materiel with a Hel(TL) erystel 
detector pleced vertically above tit sowos, The results wote plott 
to show the reketionship betweon the seal tered genoma rars and bhe 
Piweset and Cohen (5) presenter! formulas for the calevietion of 
(ion dea for the scattering of pana rays 









8 لړ 0:1 1 د. 





ante an element of solid ancle and gevo e eh of dofis voneus iue 
angle of scatters £iso, the development of an expression for the 
favtemaity of the gama radiation at a point in em infinite medium due 
to ie direct racielion and scatteral radiation was given. 

All of these investicntions vere made with point reesivers arc 
with whol can be ecomidered Infinite or seni-imflinite scatiwring 
media, in tho problem inveetigetad in this thesis detectors of finkte 
shelle were used 





os the seetterin: medium, tius, these related investigations could be 
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III. GO Q ۱+۷۷1 8 


“ho scaticring of neuirous sad genme rays by thin eylindical 
sholls wes invostigated analytically anû an atum t was mece to verify 
these zesulis by experimental poems. The analytical inves-igetion was 
mede for point sourees of radiation ax: finite size detectors, with the 
soures positionc! verbicelly below the center of the detector md with 
the conter line of the detector coincident with the center line of the 
eylinuriend shell. 

ixperinentally, the scattering of neuirons and gama rayo by 21487 
amd Alclad 2uS? aluminun alley cyliniricel shells was invosiigsted,. 
However, Lhe experimental resulis were overshadowed Uy tite relatively 
large statistical deviatiens thet were introduced when cerrecting the 
eypesimental remiin_ s for the scattering of the radiation 4) the air 
eaxl the poom. 

£ttecpis to reduce this extraneous seatlering to on acceptable 
lovel were unsuccessful, Thos, Le experiments] results with the ente 
eeption of a few of the gema ray readings neither proves: ot disproved 
tie analyticc) finmlingse The few exceptions noted only ten.cd towarl 
support. of the anclyuicel resilis and no positive conclusions contd bc 


Oroune 





IV. 781۳7777701 8 
A, Assumptions 


The theoreticoel analysis of this problenm coneoring simil twie in 
newbron end cama re sentocr?n would have been extremely complicated 
without cerialn simplifyin asmwentions, These incldel tic following, 

It vas ascupel thot the sources of radiation were point sources 
and Wat the neutrons or gama rys were emitted isotropieelly. Tris is 
a valid asswaption for ver; awli finite sources. If the finite source 
camotl be considered very smell, but is still smell compared to the sise 
of the scattering peterial, it can be aprroxinated by a series of soint 
GOUDCOS » 

Amy seatterin, or absorotion of neutrons or attenuation ol ¿ema 
rays by the air wes assumed to be negligible. That this is a valid 
assu iion for neutrons follows fron the magnitude of the probability 
that a neutron will be seattered or assorbed in air. ho probaoiliiy 
timt a wevtron will penetrate the air or ober material a distance x 


“o. 
Without heim seattered or aveorlved is € ° 


where 2 is the macroscopic 
cress section tor ine event in questions 
For a substance composed of more than one element Z is calculated 


by usins the formula 


| Mor 
Fs en شش‎ (2) 
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where e is the density of the sulstance 
Hi ig Avopaéro's mener 
1 is the weight fraction of the fon element 
of the substance 
ړک‎ is the misroscowic cross Becvion of the ith 
element for tho event in question 
A i is the atomic weight of the lit element. 


lor air at standard conditione, the value of = Š (scattering 86 


e‏ ا 
section) as calouletel with this equgiicn is h,.5 x 0 A Cm. i ax the‏ 
D — ` ۰ ^ nn sal, mi‏ — 
value of À {absorption cross section) is 7.2 x 10 ~ an. “s‏ 


The maximum neutron pola length from the source to the detector 
in tis enzperiment vas cwproxisa.ely 65 em. Thus, the probability 
that a neutron woul’ be ecaticret ly the air in thie experinent was 
about 0,03 for the maurimm disvanwe and conciderabiy less tuan this for 
the xiuimr distance. ‘the mwovazility tim. a neutron wouki be absorbed 
wes dporoxirately 0,005 for Un maximum distance. These probabilitie 
are for thermal neutrons, As too neviron energy increases 2 y Femane 
about constant and = a 49 reduced consiterablly, So tae absorption 
probability will be less tian 0.005 fer kicher energy nowbrons. 

chat the atvernuation of gam rays by air is ver, smell can be 
geen Ly applying the factor AF mica de tre probebility thet a fra 
vay will penetrate a distezwe x into à modius without being involved in 
any reaction thai contribules to its allenuetion. The total absorption 
coefficient مر‎ ‘is the gum of Wwe avsorption coefficients Tor pocto- 


eleciric efect, Conton scattering, and pair production. for air, A 
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q+ ai : 
verice between eppromimateiy 1 x 10 ° on. ` for Oo Hev panna rays 


a. fov l ev [rama reye (5). Therefore, the 
probability that a gomma ray witiin this energy range would bc 
attonunted by the alr was about 0.0005 to 0.0006 for the macimm dis- 
tance involved in this experimente 

Another assumption used concerned the mabher of scattering 
collisions undergone by each noutron in the 227 eluninun or Alclad 
237 slusinum cylindrical shells. It was asewned thet sack neutron 
that ves scattered wes involved in only one seaticring collieion. A 
consideration of the mean „rer path for neutron sentlering A ° in 2457 
alunizmeaa alloy or Alelad 257 aluminum alloy shows that this essumplion 
is valid, The meen free path A, i5 equal to Vz g4 ‘mation (1) 
wS Calan ted to Sind Zou 

the density of 2h57 wrought alminium alloy is 2.77 grams per 
eubíc em. muc iis neminal composltion (^) is hed per cent comer, 0.6 
per cont manganese, 1.5 por cent magnesium, ax 93.) por cent elımimm 
with ive normal impurities. ‘hese normal impurities axl the perziss- 
iblo mezim of each are 045 per cent iron; Ob per sent silicen, 0.1 
per cent sinc, and 0.1 per cont coral. The oleddin, mabrisl, 
“dich is nominally 5 per cent of the total taickness of sheet O0 
Jaen or over in thickness and لا‎ per cont for shect less thon 0.06) 
inch tiickness, hes a density; of 2.71 crams per cubic om lit nominal 
Composition is 99.3 per cent minimum aluwiimm with impurities of 0.7 
per cent maximum iron plus silicon, 0.1 per cent meximm copper, Oel 
per cont maximw sinc, ond 6.95 ner cent modi mangomese, 


hsna, that the amount of iae impuritios present is one-half 
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of the maxinn, 2, for theme] nevirons for this alloy is 040953 
ane am = g for the clawing da 0.002 cae, Thus Ay, Wen io 
Z p Mins spororXacoly ocmonnt viia iIncrvasiny neutron energy; 
is 10,6 om for the alloy end 11.76 cm, for tim cladding. These values 


are: with the nexipum e'Peetive thichmess of the material 





soenntderat in tis experiment, which is (bout O.GE cm, sitou at the 
ascuption of only one collision for enc: newiron scatteme Slionld now 
have intreduced any great error. 

(533 scavtoriiy: ves assu! to be sprericclily Spmecvrioal whieh 
woul only be true if the mass of tre sentiorin, rueleus wes sesh 
larger than the mass of te neutron. é masuro of tne anieowrany of 
ملا‎ mariron seatserimg, is lke average cosine of the امه‎ angle 
in the laboratory eystem. Glostiosk ané Mimi (7, pe 97) dawed that 
this cverage cosine for new rono wile. energies lesu twa a few Mev is 


given by ie eguation 
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Were A is the mase nuber of tho sentterin: miericl CU ass mmber 
of ahar 
of tw constituente, 19 22409. IW wot miber of tle claddin co 
in a similar namen is 27,104 Thos, تب یغه‎ 28 9.0231 for the alloy 
at 04026 for the cladidin. wileh Indicates thet the anisotrony is 








me alloy, which ie Tie su ol the welwited mare numbers 
ued 





relatively Low. 


ise Glewine down of ant romeros ly due almost onuirchy to 
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elestic vsattering of vae neutrono upen collision with nuclei of the 
moderator, tioroforo, iit wes sscuréed tat all the collisions in the 
S8catleriLno motcrinl were elastic, 

rou hott the Online development; use alsorpiion eros: section 
wes essurad to be small eonpored wit: wie semttering cress scctl ote 
ROMEL, since ihe absorption cross section for most eloema.s decreases 
fairi; repidly with incveasim newton energy, this ascumpvion would. be 
af little contern in the deui riw of shieldin, that must protect 
personel fron structurally ecaticre. neutrons. Any shield thet would 
protect then from fast newurone would be effective against slew neutrons. 
Therefore, only calculations for fast neutron scatwerime would be 
necess.2y am! in this cnermy range the abaorption crose section 15, 
with fev exceptions, mech Smaller then the scattering cross sections 

if Sor Some reason the mamber of seatiercd slow neulrons must bo 
known, this con be estinnted culte accurately by siightiy modifying the 
eeuetion develope! for fast nov ron. “hás rodificstion is given at 
the end of the develowrent of tho fast newiron ecatterin. equation. 

The HOE free nath fer neutron peattering A i is actually a 





of cnopey, If the source of neutrons is not monceneryetic, 
tus introduces another variable, However, A 8 is practically a cor- 
giant for nevirons up to about O or 10 Fov ond, thercfore, it was 


rOGULC source 





conciant yvaluc couil bo used for a polyene‏ 2 ها توق 


of neurons. 
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The differential cross section d c /d.n. for moncensrysctic ogame 
roy sos tring fo & funeiion of ios mele of seatvering.  üowercor, 
calenlaizons show (5) that tela is practieslly constant fer anglee of 
goa. lerity; greater then about PO degrees. In this investipetion, the 
angle of seaticring, with fow crceentions, was vester then Vic, thus 


& constent value wes &soueed for do fin, 


D. Neutron Seattering 


Figure l is a sketch of whe —— 1 The sostt?ring 
hat rial comprises a cylinóriool shell of radius r, thickness t, and 
height A, y One=querter of which ís Siown. “he counting tube with en 
activo volmo of radius e and hoi hi N ent the point source amo pote 
itioned om the center Tine of the cylindrical shell with the center 
Line of the counting tube coineident wiih thet cf tite shell, The top 
of the estvive volume of the vertically suepenied counting ue is on 
tie sac horizontal level «s the top edge of the scattering material, 
Tbe point source is located on a horizontal lino which is a distance 


3 
Ue bottom al. 


h. from the top edge of the senUlerin, materiel and a distome h from 
4 


The equation wiilch gives the number of neutrons that sre singhy 
peaticred by "انا‎ eylinirioni aboli into Ye counting tube wis Cereloped 
as follows. 

She neutron lux Ø wdech reaches the element of volume at P a 


distance 7 from the source (Pinwe 1) is 
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SCATTERING MATERIAL 
CYLINDRICAL SHELL 
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Figure 1. Geometry of scatteringe 





Pad (2) 


I Te 
i 


Ware W is the source strength in neulroma per seconde 
the effective volomc clement ot F nezaail te tie path of a 


vadially enkted nevèran 18 


č zr à> à 0 dy 
1 i 


à vodially andited noutron tiravels a distance - ian this volume 
elements To determine the vrobabili.y of a neutron being scattered 
Mile travelin. this distence, the mean free peth for cealtering 
A g 8 used. This, e recioroecl of the macroscopic scattering 
cross section Z „> 39 the averaje distente a neulron travels between 
collisions. Thus, the protelillty that a neutron vill Yo svatiered 
while trave ing the distance a is de. / A and the probesility p 
that the neutron will ve seatècred within the Volume clement is 
a 9 
QA € 6 am, K 
^s 


a 
Via 





Therefore, the nmumbor of neutrons n whioh ave singly seatiered ti hin 


this volume clement, wouich is Iouation (2) times p, is 


MEG ¿otr (3) 
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igotrople anc. elastic sen terin, ve prwoyositon of Us 





sectlered neutrons wart abe secltemed teward 2 point detector is 
1/4 77 1," vire r, is te Aisimee Firm Ute volume clonest to the 
point detector, However, wilh tit geometry of the problem i.t was 
invanti' atou hore, tw Gountèn, ivèt cold now be rezapdesi as a pote 
detector, noloa, te ratio g the solid anfle n- subbed uy the 
detector, es viewed from tim element of volume, to the totol schu 
anile of ki 7 uteradiano bal te be weds 

T2059 solid angle cen beet be found by comidering, a cnherical 
surfaoc (see Figure 1) whick pasooo trong: ihe comer af the top of 
the coating tubo axl is pormrafie? Iy Sihing on are of radiws Lo 
6057:0004 at Ur volume class Ten uy settim, the proper Midis on 
ec enti Y , the solid angle $ubvVanoed by the counting tube can be 

Tue solid angle n is 
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wae-e su.seriote L am! 2 sumäfy, vremetively, minis má SMER 
The limits on x ak Y are intordepontent in a petocr complicated 

way Cue to the shape of toe counlinys tem, To avoid tala compiicatíon 

me pot arrive ct an equation skici gives a pond apnwentization of a, 
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ose HELLS an X are indepemiont of the other ongles, thus, 
Equati tan (h) becomes upon integra.’ on over « axl substitution of these 


limita 


«da 
n:2tm 2 sin Y a Y (5) 


Setiin, the lizrite on X wes not es simie a task es ii first 
appeerade lor inatance, if A is taken to be sot" vis, peri of the 
wner cexuroeitiez of tue oountíin, tube would Le excluded Pron the solid 
angle, n tie other band, if ۶7 28 taken to be a (rea)/a, the 
goid wywi would include some volime outaide the courbing tube. The 
Sent soasoning would aml, to y 1 When £ is less than as Wen h 35 
grestoer than وی‎ a valac of “a ۷-٧۳ /» for Y s would not include 
دغه‎ tim bottom surface of tuo catin, tube in the solid angle, As a 
Gorprun's6, te Urits on Y were taken in two parts and were set ky 
wing the distancer r minus ¢, where d is the mosn integrated sevichord, 
This is fowx from the ecuetion 
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pil, Atl, 
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22 rd e 


186 Ccon'Tibution of the boitom of ue detecior to the solid suzic ic 
included by moxing the denominator of the hacter limit mde 
hs y 


These Limits on Y ere independent of YF p but are dependent on 
8 beim; relstei. tuwuch k ey ie equation 


EOL شوب‎ 


(9) 
Equation (5) gives ti 


tue solu angie gubtlemled by the cuuntirg: tube. 
Tiás (ivided by the total solia angle hir stwradians is the proportion 
of scott rod neurons thal will pass roh the count: 
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× lube volum, 





The muaber of neutrons seatterati vé tèr tho volume element is given by 
Equavion (3), thus, this times the above ratio is the number of neutrons 


Me TAL as seattered into ibe couwnlim, tube by the volume element. So 
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a ek | 2 tan 8 anlay | ad draf‏ 
m A, r 1‏ 16 5 
7 
V‏ 0 


he limite on Y ere sevo and 2 7 end the limite on w. are r/sin 6 
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and (rrt)/sind where t is the perpendicular thickness of the scatter- 


im, meterial. Integrating over T. and ۴ and substituting the limite 
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Integrating in مت‎ ۵0 Y and ouvetiivting the linite 

(Exuntions (6), (7), anc (0)) end then substituting for hi from Equation 
(9) result in an extremely comlíicated end lencthly integral af O, 
To &rrivo at e Simpler but still a good approximate espreseion for P 
the bracket of Ecuntion (20) which te the integral equation for Jt wes 
replaced by the average velue of le This everage velue is found as 
follous, 
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Beuntion (5) is integrat.d and the limits es given by Iquations (6), 
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(7), and (2) aro ouvetituteda “Tris dives 
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سیز)‎ + (r+a)* mme: (12) 


The values of -a throuchout the lumye of h are found for The 
geomete; involved by BAM Temes to hy say ns Dys هو لا‎ ee 
< * 
Teso vclues run fron sero toh, (Ticure 1) and are 0cually spaced, the 
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distance between them beim; be Then the average value of a, say a, 


is found fran tie ecvation 
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Values of a far tho variou8 geme trien used in thie Investig-tion ave 
piotuec in Pirure 2, 
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From Figure 1, it is gen Eat the Mait on O are 
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wire h, i5 consid dered Bori iis if he bottum edge of the cylindrical 
Shell is korizonially above Ve souree enti negative iJ the boiton sè; 
26 below bo ديک ساد‎ © 


“ho integracion 6f cocuninon (2,) and substitution of whe liniis 
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beekuoix angle at the sourse and h fe is we tanyent of the forvard 
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Ties muioh pive the tole medeor of nevirom per socom vast 
volume, hen evelanting N, it must Le remembered timt حا‎ is consider 
éd postive Lf We setia «tiye of Loc egzinizricni meil ie hocisentelly 
6, ant, ouwenvantly, sin 6, are positive for ie Civet 
meOwtionec موه دا وه‎ md negative fey ii lover. £ plot oZ TI votan 

GC, foe various valves of EL viven ln Mowe Ja 

Pop a pozyenerpetée nouiyon sowoe, Eaation (15) con represent 
the total mrber of fact neuiwons that ere cingly scetoored if ¢ is 
دنو د لولهب‎ an tit fact neuiroos po secar emitios by the sowco. A 
POLLY, for the nerd of a okigbt roaiffonidon to Us ecuzrtáon 
arisen fror tiw fact that a aml Crection of ihe fest neutrons enitbed 














at mergles juat clove ternpi ere rowed to voexmel enervies won 
eellliding with the meloi of the دا و‎ material. 

energy Èt of were nawteom aftor the cellision is polctel to‏ اا 
Um merg I betere tie colliston liy the formula (7, p. MG)‏ 
















«e M" GO DADO a MW « M dw wan ٣۴م‎ 
LU دس‎ ll on a G 
— — وه سم و ہے کس‎ van 
dbm سایى‎ tee 0 2ھ‎ o هم‎ 
al eee Fe” Midi < e سو وی‎ 
a ات مه ای‎ Q mann yon A ae ` 
WENO oom, mea s dome + پټ‎ cA 
ې 4 به شه راي ه‎ o. 8 
an mug Sc e mti al 
o Pa — 
— — 
Lm م ے: ہو‎ 
————— 
o mt e 


۱ 





























— 
A ست‎ w! am illik ao مه مت‎ U — سس‎ 
re د‎ hawas — po y ue. e | 








22 








-80 -60 -40 -20 O 20 40 60 80 
BACKWARD ANGLE Pb (DEGREES) 
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eze A is the maf maier ak (uo serticria wesriel amt € is Use 
sectierine awle, Since tk neutrons of interest here aro those 
gouticreé into the thermal onerg, region, lie anra afler collieion 
"is m Mi YO L. 4c tne defined کہ پت مه‎ thomnal NEURONE © 

in this investigation or tn dintler setups whith Sellos of 
FUEL moteris, the scattering sngle has on average value of j 
about 90 decrees. For iio scabeering angle and 2457 تست‎ alloy 
ft, waiting the above oquetion, is ernual to 0.35 E. “hun, on tas average, 
twose neutrons enitiel by lie polyenercetic sourcc in toie energy range 
fron P, to 7 É, are seaiiered into the thermal neutron energy 
rogíione Tor example, if thermal neutrons are defined as those with on 
emmy of 0.25 ev or less, the neutrons will energies betwonn 0425 
orl 04263 ev are seattcred upon collision into the thermal energy 
regione 

For almost ).3ء‎ neutron sources, the nuber of mnouirvons ad tied in 
this very netvow cnerfy bond are z minaite fraction of tit total neutram 
emitted, once, far preacticti purposen, ell neutrons antte. as fast 
(slow) neutrone can still be considmred as soch after they erc sesttered, 
‘we, Equation (25) is applicatie to fas. neulrong, as are tite sulse- 
quent ecudidens given in Wiis secuion, if Q le the member of fast 
nebiLrens per second omitted by the source. 

Other mewurements of the ecateering br the eylindrieul shells 
would be the ratio n. of the neutrons scatvcred into UR oouniim tube 
to those tha. reac. iho ceuntine tube directly or uw ratio R, of ihe 


total تج شمد‎ thet roach the eountin, tube io those that sroveeti 
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Bivongik O bimpo twe ratio of tie solid aple suvbomled by tac end of 
the countim iube to tae total solid enple LW steradians, The 
SoLo angle Subtemed by the bottom of the cuerter of the dotecier 


mham on Figure 1 is ° ° 
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four times this, or 
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Sieti tting fran tuis relations fer af w az Then SUDE tula 
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1/o06 6 a fom \? t پی‎ Ba fives tne final enpression for na. p. y 


By = 3 (1 = cos Ë.) (26) 


The sentiering retio i wes previously defined as n of (quel ong 
ç ۱ 
(25) end (36)). So 
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PE UA —— (17) 


The total ratio L me pooviowiy defined af (n, + w An y len 


oquals (n, /n.) +i, m 


F1 


Ret tà (15) 


Lupa song (17) ami (40) cas ve applied to the totol neutrons from 
2 polpmergetic sourec or to to foot neulrens fran a polyenersetic 
source of a nonoenerretic sources, Theec eqrations can albo be applied 
to bommi nectvons if the cresy section cor auncrotion is neglicibie 


compared ta the crees section far seaturing. Under similar circum 
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10 18 the timal noutrons 





per decond emitied hy tin souroe. 

If the aowoorpilon crosr section is not nou lizsibies campared to tie 
Scattering cross section, But ta still sgsewhot less tien tho sestier- 
im; cross section amd, if the thie'mess of tle cylimirical shelle wed 
jon (whieh ft musti 





ie aml comeuret to ihe ween Prec path for cbe 





bo for Feudtion (15) to ke mbit}, a good Tirst apuros 
these, newbron seat verln, enn ve ovloulatet an follows. 

Vine fraction of normxdlly imide biermad newtrems teat work’ be 
@baorvced in ~~ shell, if مها‎ eal lerin, cress geclion were negligible, 
is (1 < e “a ak, MAYO - is iis mwronconie avsoanilon erzocs yecilon 
ax Lio the thietness of tit sheli, "Ds frecilon Limes Beta 
(15) riven m govè first annroziration af the number A of thermal 
neutrons ecavtered by the ey;linoriotà shell into the countin, tube vole 


We. Thus 
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waq w EEE tret Q of Ue emetion 
is the mumbhoer of Wormel newtrone cr second er tted ty e once, 


G Sarma May Soattewing 


ihe geometry fon gonna vay sectucnia le the same as tiwi for 
neviewn gentterim (igure 1) and Ue development of an ommation for 
lo puma rey contoerir is cimller to the devclem=znt of 
the e: vation for neutron sestiarinz. 
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If iL 5 ESM Mat no atteeurtion of the oem reve occurs in 
the air, the gume rey flux G when reaches the element o" volume at 
P a distance p, Prom the source is 


8 
— ,9 
7 ٹا 


were G is the اہ ہہ‎ in pattem rays per second, 
Tos effoeodive volume element ab Pis 


i Y pao 
a are rd w, 


The ütifesontial erose section d o fia for cama ray oeatterin; 





wich has units ol per incident photon per electron pen erie” per 
sarsiim, is ihe probability tnb a pama wey vill ve scatuerel V'upoush 
ên MB € into tie element of soli متسه‎ centered about E, This 


section timed Ure mer of electron : in a alte em. of the‏ ور 
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SCULLY move ciment gives the probability 
af a pieton being aingly scattered ilareugh the angle € inte the 
element af solid angle centered about E wile within the volume 





elneris 

Canscquently, the water of ¿arma rega n, sestierod dile won 
the volu element i e “ha a the element lames the provability of 
seatilering wvitlin the clement, or 


ا رو رر any‏ 


of pans. reye My, Wich are seattomed inte tre counting‏ ور مینز 
tube volume is the alove evuatiion muiltiniied by the solid angle oie‏ 
the countiin; tule os seen from ie volume elements 868‏ جا tended‏ 
solid angle ia piven by eun (5). To avoid the difiteuities‏ 


identical vo those encowriezed in ithe neubraen gealtering eouation 





develorment, te solid an le subionded by the counting tu ung replaced 
by the average mele 2, uations (11), (12) axi (23) ere used to 
Bnloulote A. Yalues of A far tie verious geonetries used in 08 
investigation are plotted in Moune Ge 

She له وه ماج‎ gam rags a. s woion are scaticred into the cou tins 
tube volume io fowel by mitáplrin;: the above ecuation by this crerago 
angle, -Ims, 


pH AT ado d Ter, 
















PU د‎ o" Oo A A A ےدوت‎ 
ON ` F. P Ee uum cmm m 
می دید‎ m. 5 — Se O وت‎ 
— 
BKM US ye eg A 
amimi pe bag ai o t — —— ٢ 
^o ww an 


FOU NAN سر‎ 


۱ وس = — 
— — 
و ہس «o‏ وہ 
٢‏ سپ Cw‏ 
مہ — و وو مس —— — B‏ 











m 



















22 


ho differential eross secllon d ofa -a wich is a function of 
eneruy am. the oceltering a ke 38 بجع صولحه: مه‎ oanstant for vontieze 
im angles greater uan about 70 derress. In itis invesuigetion and 
in similar setuwo sith seattering metertal shells, the seatlvoring angle 
is greeter than 7O demrwes copt for shells vith very uml redii, 
thus, d < fan. was esouned te be constant. ile number of alevwons per 
eubic om, is a constans; for a particular seattorin, material, These 
costaría can Le talon ouveide tw integral ant the equation for EN 
can Lo wri uten 
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Im tho latter liii, a 48 contidered pesditve if the bottom edve of 
te cylinórioal ehell is horlzamielly above Ue source and negative 
if ww botwan edew is belew Ure sources 

integrating ae aqmlying these limits vos the eepressiion for 
Une ييسور‎ af mon voello pram raya vor second thet are cis ly 


Sent epa. into tie comtins tuve volume, ‘his expression is 
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ine Yoon in de recut le |! witch wae define in Ue neutran 


SOU ETRE euration development, A plot al E versus e. for various 


volues af h s ip g^ven in PA me 3, Flaciag N in vie asovo estzetion 
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anc R wore defined in ihe development of twe 
tp 


is a fa, where a, is tue number 


ToC Palos A 


X 
enuation lor neutron OCAL LETT jn 
of rertetians ¿sat procouti directiy fron te sourèc to the counting 


tube, “ris is piven by" Equation (16) sith Q replaced by S.a Tius, for 
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ne materials used ia tris inrestigaiien were 2407 and Alclad 
208 ela allop, parsoffin, cadsius, lon, plywood, borcitod send, 
& neutron source, and a pent ray Squree. 

“ho gliuminum alloy wes purchase: from ino lora State College 
INSURERS Shop, the peraffin ant plywoodi vore purch 
cenccrmo, Ar the cadmium in the form of 0.010 inoh sheet was purchased 
from the Division Leal Company, Suet, Illinois. ‘the led av 
berated card were avaiinbim in the laboratory. 





eeniajnel in two right cylinders, ‘The outer cylinder hes extornal 
Canengions ei X40 inek clameter and 1.95 inches height. ‘The dimensions 
of tho mer cylinder, within unien tbe souroo is scaled, wore 





estaca el by conperivgon with dimensions given by Bausa (L) for the 
suo type of sowec, رجه‎ los iwer wight cylinder was ecniinmoted te 
lame inicmel Obwnsiens of CQUO inea dämmeter and ll inch Nella. 
Me strength of this geurce on aumit Jw 9, 1553 was 0 
Wilicuries, therefore, the strength at tre time of the coperiment (ey 
100) was eppronteately TU, millliouies. The neutron produetion fron 
a Source of this type 15 eatimaud at 2500 neutrons pèz second per 
williourie co ine fha from Deis source vas anprosinmately 2.75 x 10? 
nerirons per second. Pousa (f1) stwaiod that Uw zu ested menime 


poze ble esmonmav vo polonitverylidun nerous for a WO hmr wak 
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diutenee in air for tio source weet Here was alout 19 ows. 

521408 axl cites (9) investigates. tne energy spectrum fran a 
anergy 35 mon 12 Nev, Urmálcal integration of Un spectrum wey 
preoGi.cd inciíoa.od tart tae neutrons emi ole. uy Ulo type source Lave 
an overage energy of about 5 New. 

"he pesw re, source Wed wan 600°, This source Lad a atwonpti 
oe protean tey 10 4 €. uletlons stowed that a sefe worin, 
diskooce in air for a kO hour week with this sowos is elighitiy lese 
then 2 inches. 576 co” wet comeine! in a meco ol Scotet. tape ihat 
wes rolled into the fom of a rift cylinder wth af about 
1/0 isch diameter and 3/3 imen ket it. This wes sesled by advi other 
Jeateb pe te it, time, the pource es wed bad external düsenstons of 
avout 1/4 inch diemeter and 1 inek height, 














Pepirwoaen‏ ها 


The major pieces of ennipwant used ave Sim in Ficuve la The sei 
of 23 inches uy 23 inchec by £9 inehes 





A bex hare oukelde aime wdons 
hef X ami the imide cember of Die Lox has dimensions ol 10 Leres by 
V6 faockew by 2 inchas height. To wails of the bor wero rede hy 
Sankictiim a 2; inchba bujelwen: of paraffin betwee: tuo | inch 





«neos Of viywool.e “ue froni of the box was removable for access 
to the couniim chasser wich was Lyall wit. 0.019 inch ondmivm Sheet. 


Tu CUucimess ol coxteduA will cópiore owroxisüleXy FU ner cent of the 
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inciuent neutrons thet beyo energies of 0.25 ev or less which were 
hore defined ag slew neuironB. ine voreffineplywooód sendwioh by 
modere ta. any inoosing fasi neutrons ineressos the nroocobility of 
ocoturim, thom in the cadmium, À hote to accomeodcte tue counting 
tibe cobie mas drilled roh ive center af the ton af the bat. ‘Two 
Soll oyo=hooko were sereuso into Lhe tap af te chanber, The fine cord 
(approx) ely 04.030 inen in clameter) thet we wed Lor suspenda the 
detector aml source wes lactemed to these hooks. 

The 243% and Alelad 2552 elueinwa clloy wos rolled ints 
aplindrieel ehells by “m Tou: Slate College Insurument Shop. Sineo 





Kool SMELLS were desired, te lovitwainal juction was net riveted 
GP woldel but sinply held tocetwe with cote tape, droet for two ef 
tie heevier yage ells. ior ese, due (o evreem ivo cubre هرموه‎ 
action, finc cor had to be used te held the junctions 

ALL of the soven cifformt cylindrical shells used wore شر‎ inches 
high, Three of these, rolled fron 2hS9T elumimm alloy sheet, nad 5 
sell tilcımess of 04,005 inch and که‎ recivs of 3, 11.5, and 6 inches 
TOSDeclL'vtlys two, rollet Zrom Alclad 21857 alumno: ellop sheet, hed a 
shell tuieknens of 0.06) ino: end a radius of 6 and B inches rospectivo- 
lys cx two, also rolled fran Alclad 2:57 alminm alloy meet, bad a 





shcli iiciness of 0.106 ineh anc c radius o! Hab má O incas 

For newtron COLD, iix eoUtin; cireuiit vao conposod o7 & p 
tined oroportilonel eouüter coamecuod cirecthy to th atriy eksoutt 
of ss electronic sceler. lue proportional counter was manmifastkueri uy 
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General Electric end has a eylimirical active volume of 1.25 inches in 
diamsler by 2,0 inches in length. 

A Model 200 scaler menmetactusnd by the Radtation nouraneni 
Development Lakoratory was used. “nis model has a bulltein amplifying 
circuii end is equipped with & discrirminetor, a pann eantrol, a 
register, andl a tiner., The input voltage to the scaler was main ained 
&& 115 volts by a "Stiabliline" type 355101 volteyo regulatate 

The optratin, charactcrigtice of the neutron cowilin circuit were 
inveciigcated Uwrougniy. ٢ the discriminator set at TO and the gain 
witch on Y, a 2° volt pletem af 2.5 per cent clone wan foumé in the 


voliage range centered about 67> volts. Thus the operatin, vollane, 





diserimingtor, onc goin were set at those values for neutron counting. 

A ivacerlal TUCO Geiger tube anc the above sealer wert veel to 
count gamma rays. This Geiger tube kas a cylíndrieal active volume of 
leo inches ciamotir and 2.375 inches lengths 


Ada ional eguimen. lncluded a levcl, a plweè line, ad و‎ 


Ca Procedure 


The proceduros finally used for coumtiny neutrons and jen rayo 
were Lie result of espertmentin; with mo نه‎ 34377 arrangements 
until (Pe most saticlactory arreryxernts tavt were possible with che 
equipment available were doterminade 

The ekzeléin; vor, mnich wan explicitly wilt for the neutron 
sounting, did not prove satlicfaetory. Th reduced the neviron bkacksround, 


boun fast and slow, te praciieuliy sero, Gut vito ihe source ond 
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in tise boz, $69 setaria of Sourot meutrons (ORLY over‏ حم سن 
ito value ac & shield amus. fari anid glow nenten‏ ] 
بل amiming on the ouiside ol tor bos. iih ds summ suspemóm!‏ 
done ouveflte top box,‏ 

4 lar emlaraiory comio belde the ker towel Tt tho sottwerin: 
دمسماونه‎ abom te floor rue tan dirwetly next to the Moore TS, 
the @yearinental aricrgemont aham in Figure h} recnited. 

‘Vio sideldin, box, es expected, we found o bo inelfectáve asa 
of lond cash with dimensions of about @ fneh by 8 inches tm 16 iuehec, 
23 pheeus of lead cach with ditastons af about 3/t inek by l ané ZA 
inches Uy lí inches, end ۵ bozes ant. 2 bays of bano san امه‎ 
about 10 íneoos in tuccimess, 

wi the are y sore ml detector suspended in ve bon, tm 
of tho larger picoes of lead wore pleeed en tèt floor af tue towiting 
chobar to uoteroine the effectiveness of the lead in reducing the م موي‎ 
TE sewblerin cowed by the cir ahd the room, Mis crsonyemmm did 
mot noticonbly reunce the seat singe 7no et, vith these "wo موم‎ of 
send placed nest io the outo'de of de bos the com still was not 
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tle bee, were a Dew explorer oare Moved that Lim dat وب‎ 
fron Vi air ant room douk! be omveniolky reiueed over سا‎ a gos ome 
اند‎ Inside tis box. Tose Gplermmery cowrls imticeted b-et tiie- 
‘Below them, Tie Leet arom enen vos fowxi to ve lé inotws by 16 
Ahaa by 16 Lehes of leed cemeseud directly uvier wie coamer and 
wies lin the zonmirim, four lenge mece of lew) placed flat en the 
flour one an cach of the four sider of tis senurel ercen ment Gu 
WR: the 23 amor pieces of lew placed in tle oprem bebon those 
‘Cotman wis similar to taal skew io Figurt  emoept, af come, Lhe 
Gorret suc detector were ouspeo in a powltion closer to we floor, 
A231 tao neuvLpon cowi 2, wid. vue €xDeption of eno backgrouxt 
beim sesttered in ve cir and tbe room into the Cetoctor, were taken 
Of cafe will oapture annporiseatoiy 98 per cent of Ue incident 
مم الا‎ that have enemies of 4,25 ur or less. Ginco tay neutron Kiii 
an Nero Mier than tile wow considered vo bo a fant noutron, ide 
gone aen wit) the detectar coverod ware due to fast neutrons. only 
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alla sj a sose ol this uye mes Sezi DUO. 

Since tio resulus af tiós inveeuigutilon Qepeodsd to a great 
extent on the coscectueso ans eviication of geonetriccl anvangonmnts, 
¿Le comida, tube ves mupadel by four pleses of fine sord 
(apmrontimately 04015 iuch in d'amcter) wiioh were Jestened to four eye- 
bochs scrowod inty Lhe upper slde af se oroc ber o. wm suspension 
BMPS. 66 Cords were Gomme in a nenacr toot would aller vue 
distance between iLe detector ami the cross Lar te be eller shortened 

Sr Lenginened Wy simply tical: ihe hooks in the proper dircotich, 
Dae piho yas Cleo usc to moilciódy align Lie cowntiag tube. Tse 
quem. سی‎ l> bp. Ue see Te “G سے ده با‎ 
mwi We loci bloekn in the cano of grasa ray counliny, or the Guam for 
holding, the cylindriesl sells in Un cave of noutwon sounting ves 
eomfully macured with a meaourlag stiok, im vertical ali rent ef 
ts counting tube vas chook wmv. a lover and also by sighting along 
@ pli) Line Uw wes cusporeed bekind t.e aparatua, ¿he bacimrouwl 
Ane Source wis Suspended بہت‎ the detector by a plece of Siw 
gord Wich ws fastened al eac. end to angthes piece of cor’ Unt wes 
ay papan: m nen nd Pa kota el hs andre volum di Up 
detector was mecoured am. tian cece Uy messurin, the aiobenet fran 





in the case of came ray cCounvin, or the 








rem! Por holên’ the o Blatter, skelis de tie case of neuron combina. 
Dar Cintancte ver peant- Pron tim vertical mid-noim of la porreo 
an G@stincted from the dimencioaw ven previemily. he centcring ef the 
smu teow thw detector ves cheoked by placing the level vertically 
alow te Ceiector so ei 40 nrojeetief wast the position of te source 
mE Ube: yomwin the loriecn @1 Glewewe from the level to the source, 

A van A 6ou0t ané poth w fact exkl ties neviroh cout were made 
Los estr yee aP h, wed msi, vben corrected for tho senttering caused 
Dy صا‎ Sr ad room, they aè te comto dus to the radiation that 
proeonds directly fren vie sorge to the detectors 

Yo dcteraine We courte wit are cowed Up the mua ھن له‎ "۳ 
وذ‎ dan tet sroceads ۵ ont that then is seatiered into ihe 
Melis wal tc ocoineide AU tim ogirer Me of the detector. Tés aligne 
Ment wn cheched By measure UM distenc feo Un detettor sali to tie 
$5633 at varices nOSTítiome cout Je pertehesy of te shell, Parthere 
vorUbekl clinnnent. Wien Me itron detecior wis covered viih هدمه‎ 
this ned oi necsurins &rowi We periphery ol Me shell coati not Le 
nee om o Dioch of hac s tout owes tape to the Somi that 
Eroria) the selle, sou! ewe mta s وف‎ then wo for تہ‎ lora, 
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tw chells vien iho detector was covered. 

This systen of pouitionday introduced tue possiullity of 
vndetected borizontail rovegent of the alfgament paper, the miai, o 
ihe detector, or the possibility of the det 
ig aligned with the true verticel, An altere van made to eliminato 
those possivilitice by malcim, Ule ouoc-ates conccurne.. AS secure as 
éurins the courte, the verthes) alignment of tho B'^ tube was chesked 
before 11 was covered and agin after il was uncovered anc afwer the 
obeckes by placing ono of tu entindrical shells din the position 
im@iceted by the racicings enc mesuring to determine if the shell vas 

he conta Getormined iy voeiti amin, earn of the cylindrical 
sitells about We source am) the detector ware corrceted for the scatur- 








cover and Soures not romaine 





ing cmusocd by “he eir cxi room cml the resulting count woe thal (ve Lo 
tike sum c^ the radiation sealtenod into the detwetor by the gholl and 
the relation that procecós direcily from the source to the detector. 
Mo correction was mile fer the cecondtiry, effect of tu roon or r 
gentiered radiation, wich norselay returned to the cowrtiny tube then 
the ophindrict] shell was not in position, bey ocetiorod away From tse 


detector by the cylindrical shell ween it wee in position. 
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We experimental. regıûla مه ما را تاه موه ار و‎ 
liey eylindrical shells mme Mei ir Teile u هاا‎ diffrrence between 
سه سه‎ oas ره ته صسفا يی‎ 
equal 3 taehes ia the commiting rate due te cal ras. Far 3 meles 
tus difforenoo i5 27.3 * 348 en? for lh taches ii im 25,7 t Lele ‘hue, 
two source positions, inffeatitg that all the slow noutrons recctüng 
We detector were the result of seattering by the air and room and thet 
none of the slow newtrons ame imwued Alrweily hy the souret. 

The fest neviron counbs ven in able 1 had to be com ected for 
رتا‎ o coyin; due te the alr aK roon. In mekin, hs corrertáon At 
was emcumcd thet the number of fast necirons sealtered by lbe adr and 
room into Mw gowrtdng tube was sot inflveuced by the al.actnum eylindri- 
gul. EROS bein, uvesunt or by a sem) covoveat of She sun. 

Te maritus of Ute correction cen be caleuleted from ike 
78ھ‎ 
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ran counting rate 


ie source to Us detector 


the room into ihe agtocucz, 


se Souiteres tr Um air a 
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18 the total fact wer 


P 
e is tho fast BERO counting rete due vo Tos, neutrons thet 


proce. 


is Leo fast neutron conmiing rate due To Wiese vodirons that 


TO 


R, 
Vy 


Table 1 
euren sonis 
Cylindrical 
Snell Coun iy, Net 
dimensions time counting 
h. (minutes) te (2) Couniad 
P i to (ins) per 
(im) (im) Cin. mumie) 

nonc 3 LO 11300 > م1‎ fast ant slow 

Heg 3 60 1645 t ES Ooh faci 
3 0.025 16 3 60 16.1 2025 fessi 
heb O4025 Y 3 60 100 * m fast 
6 00025 > i6 3 GO 16.9 t 005 fast 
& 06052 36 3 60 1045 fast 
8 O40, 16 3 60 list او‎ fast 
beS 0.106 16 3 GS 1764; * 046 fast 
o on ا‎ 3 GO 36.68 70.5 feat 

none li 40 350,710 fact sui slow 

nono h 60 - t د‎ fast 
3 04025 16 h 60 19,4 t Des fast 
hed 9.025 3 1 60 10.3 = Osis Past 
6 0,025 Y h 60 9, t O. fast 
6 Oud 16 1 69 202 * Dels Tast 
8 0896 36 h 50 9.9 * O4 fest 
b 0.120 15 l 60 2. * E Del; Fast 
#8 04126 مه‎ h 60 129.2 + بلہن‎ Tat 
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Aa toe ٨۸2 هه‎ h, Bin Mw souroe and detector 13 Cum و‎ 
» 





E will vory to Eonetzon (15). Tilo emátion 3s based on tim 
aggumption of & polni source, Galevlallons mode by replacing tae 


rnoiron gousce need here with a series of gen waoliy loowted point 
sewrees Showed that thie accweption is still valid fer viluce of h. 

2 
ecuml to 3 inches and h inches, 


ld e در ځا‎ td EYD nv 
is fwan 
B. 
یاه د ولا‎ 


(be), # ۳ 


whure ses D , is ccleuleted «vom the redius of the detector and ihe 
۵ہ اھ ا‎ hes she radius of the detector fel here is 06085 inch, sa 
that the @veve ralic ds 1.75. 

Now 


9 3 وت‎ d «٠ 


UL iiy, TRE Sirge o Leue مها‎ vy Ube lattiera ouè bwit, Lor 


tae rLolo ( ۱ (s. و‎ on raurranging resulis iu tuo eel: on 
; 





LG 


tame E 


fast neutron CEng TUES corroniad fer sir axl room 
seaktoerin; and total sewtrca ا :۷× ههه‎ retlos 


shell courting 2 < N 
5n 3 
dincurions د‎ reso (i) Vp Y Re 
r t (counts (cowe NOR مه 69 مہ‎ 
(iim) (ime) (ine) per ver mental retical 


Ce. fk. da,‏ موہ cw "Ge‏ يچ 


minwie) 





Fro $e نټ‎ AAA A A NO rn o MALO ہہ جو‎ e AN 


مد لاو کا کیل اپ نا none‏ 
1402 کلت0 :09/5 1,3 لن کوت لما 0.025 


1,013 
2.4005 
4.020 


Lei 


l5 0,186 17420 Multi — 14050:0.320 — 1.067 
٢۴ O16 15,5:0.b 1° تسان لسا‎ — 14,990 
no Dat? Dei: 9.0115 
3 0.025 2.2108 els res 1 01 tO, 209 1.257 
lye یه‎ 1030 9263.3 — 1,007:0,.211 14023 


«OX ¿ 
015 
4115 
1.035 


0.995 10,235 
WRONG 


1401104219 
1.230 =O "A, 


10.205 12322 
t0.205‏ 1.4022 
40312106200 
[20ی ن۶0 ال 


12471143 
3613223 


16 25 t1. 
Meute 


2+ 702 
9۶2533 
11,011.43 
33 ا2 


i6 ei 8 ak 
4 uf 
36.2065 


1721005 
17.11005 
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Lhe 700! 
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Vy 0075 


thls equetion, upon substatulin, Rie fast neutron courti, rates Lis 
añ 2 eylindric:l shell in position for the two valuocs of h- ubed, 


gave a value of 0,711.2 cours per minute for n go 8 


gounthy Mies eocreccod for ti ls scalverim, are given in Table 2, 


Zhe volue af in i» 16 inches for تته‎ te egliixricel shells, “dwrefore, 





li 


it is not 13۵46 in صا‎ table. 

Te experimanital total aouizon امه‎ rabios Ip, 63 cetermrned 
by dirine each eorrgctefi cou-tin, pate taken with a c ameti Sell 
in position by the corvecte counting Tate men no ehell wes in 
position, La also listed, ‘The last colwm in Table 2 diets the 
Useoveticsl values of D, whioh wero comouteé by using eeet'on (12). 
ss Arey comparison of the euperimental results with the thospetical 
valves of R, vas impoosiule cue to the stc‘Astion deviations in the 
eer menial volues. This lane etakisticsl devlovien de for ihe most 
part cated Ly the deviation in the countiny reie due to the seatvering 
from the ody and iw room rer, pepoible effort wes male to reduce 
مات ما‎ scatterim: to o el atistuically acueptable level, Iawever, 
these efforts wr تمه قم‎ 





D. Gam my Seatiering 


The ekrvozizantal remuitlg Cor جع‎ req soctiering by the alumiwm 
alloy cylindrical shells cre listen in Table 3. ena, te M5 iasms 
for all the shells li is not listed in the Table, 
of Table 3 han 





‘he net counting rales Listed in tie list colwz 


Lo be corrected for Um costoorhat ow to the air and Tis 








correction waa mele in تمه امه تاج‎ 
06 eectien to Lie nevtron oousilr Xales, The gama roy Source wé 
such saluır in dimensions wan ibe noutwon source, tous Use abmaniion 


to Ia. usec far the 


ol v point Source, a5 15 rentre to appliy Rwetion (36) Se valid, 





LO 











Table h 
(Oem Diy COWL, Taten correction lor air am. roum 
geettiermn and total cora ray sealtumin: ratios 
Critical Net 
shell 1 eman; ü < R. P, R. 
disenzions د‎ rate (8 y y * 
(counts (conta exor tn 


vw, i per per 
(in) (im) Xunte) maite} 








i752 +31 


none k 3370 #51 
o> 4 11023132 Win 14013*04019 1.010 
Mab 00025 4 19532352 71:52 21.02 104119 — 1,005 
6 Dou ظا‎ FOO + WG t52 3 35:02 1007 
ix 0,126 دوس و دیا ہا‎ 1402 
8 3 4 SIE ل٢‎ LE: — 1.997 
ó 2507 +17 13005 + hh 
00025 6 2605 117 و بی‎ +۱۳ 14055 20.0% 1,223 
int ae 6 2605 17  3003*hh  1,010*04,035 — 1,010 
£ owe 6 2610 +17 elti 101310035 14006 


6 Q or, 
8 الله‎ 
b 7126 
8 Celts 


1.935 204035 10015 
2.006 104035 — 

3.200 406536 Le ze 
22021 : 04035 — 14046 


MAE 2 غو‎ 


2650 117 DE 
2007 7 ۱ 

2731 +17 
2663 = 17 
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It 126 accum Vai ala Vilas غه‎ “W, renales cone unt viu or 
thost a eitacrte'il uch pesi toned around iho cmt a detotior, 
The c cre, cowrtine retee correctod for 7 aré Listed in Table Ye 
The @eyerimear lly dotermiwd Total mga, ray seattezin" retice are 
03896 listwè, These retios vere حا ای یت هه‎ dividie Une corrected 
مي‎ cami; rada wlth £ riimeisel sell in EMIR OF Uns 
eormetbo ecoustino pate dE me DUI W8 In vositlon. Tue houretieal 


MiS CER, j OCONEE fear Tein (Eb); are شا مک‎ im Wie last 





An e.«sminavion os tae Aprendo values of ay, can dna de 
the ch ilst cel cevioltlons in Use experimenwl values cre too broad 
For ínswnoe, wilh ihe oy linerider] e.eli of 3 inches radius and 040985 
rs to مهه د‎ the pereoutarc 
vemingdLon between bre Ltegreulosl andi the experinenial vale as founi 





is 3.12 13,52 DoD conte. 
29 in the ennripemal xeoulis for nentron seatiering, the 


p*edoasinant eoniruotion to Ye barge ceviedouw was the statistical 
variation in the calculated counitni rete due to iue aiv ei the room 
seat. rin. Más was reduced io iuc lowest possible value wl: he 


as i6 evidteni It was not red oed (nou,‏ ابا و امد هار6 


Co ٧-۴٣٣ Discussion 


it is belicved tual in @guerlenial proceawre wilch will give 
weful resulta can be Cea For sensuri, tle radio Lion seal ured 


م5 alloy cyMidriec]‏ نله ڑا 
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In the ease of newaron countime, a detector with a la her 
efriciena) for countiny fast MOMS cr & stroager mouree ora 
couwlantlen of tuese tue wald increewe tle protebility of scouring 
usoful results, Yor gama roy counting, ue tein of longer counties 

mey improve we resulta. ‚never, it io otäll a probability thet the 
cuatteriug, cauped by the sir Aai Wo roon would Le the predominating 
factor in the etalistion securey. Lf tiin is found to be true, 
aagther metied € expertamatally deteminin: the secttoring seuved by 
the cyLimirieel shells woule be Ceulreblt. 

2m any rom, tie voattertan, congo Wy the abr aid the room م۸‎ 
manni Que to tie later. Ts, We logical conelwsion iA to chainnte 
tix rooms ‘nis cm be cons by mapuncin: the sewee, detector, am 
eylinériccl shell fren, say, a guide wire al a radio tower cr same 
other aislar strvoture as was done by Glasgow (1). if tike esperi- 
mental @ynten is some dittawe avove Lt groun: and far enouslı away 
from tho tower or our vizuctre, tis ayoten is essentéially in an 
infirite alr poutan and We only ekkzeneout scatter would be from the 
eir. 

AS ù fer refinesent, i equations developed in tis 
investi. lon for radiation demtterim could be mii fied to include 
the sectors, cased UJ Me cir, Cleagow (1) gave £a emailen Top 
Sou tievin; of noutronn fi an Anfinite air medium and flosSct an Coken 
(5) presmrtad an equation for cue ray scattering, lf an infinite 
mediu 
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۱9 خمد فک رد۳8 پات کر هی‎ prove er 
A cove elaborave vperimestal system and procevwe ani a More 
efficient fast neutron deisstor or a swanger souree or both would 
lin sent که ت‎ ar). مد ٹہ کا مید چ عمش‎ 
| the largo statistical 








deviations in ihe corrected contin, raben, These etatistical 
deviaiions were the major oers of ihe poor zemulis, elinouch the 
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X, ت٣‎ 


A, Scorpie Analyiioul Computations 


The avorege valos ol tie 30149 ele. suviended by tke 
detector were etiolated و رد‎ Soumitone (11), (18), and (13). 

Tre neutron detector wed in tis imrestirotion las an active 
volume in tie shepe o? 3 right cylinder with disensions of 1,25 
ánchee diameter má O inches neight. Thus, fer trie actocter the 
valm of li is 3 inches, e is 0,625 Inches and û wich is emal te 
(Tafi hs 0.4191 inches. Tor wis eclewlation a cylindrical shell 
MU a 3 inch rail and 16 inch hei Hb was used, Zhe values 
OEE to h were ون‎ l, 2, ویلام موم مه و‎ 15; 16 inches, Equation 
(11) wee used with ews of bh fron O through 5 inches and Dovetión 
(12) ves weed wita values of h fran ? through 16 in hes. For h 
600080. G inches, substitution into Uqnetion (11) gave a 0 0:41 0.392 
end, for h ecuol 1 inoh, ES 04539, 

me volue oZ a yan Ge delemrined for each of tee 17 values 
amel io ham Theme Ais wre then sumed using Ivuation (33). 
Por this perticuler cylindrical shell end detector, 2 was found te be 
0.47 etorodians, Tine value is plotted on the wer curve of 
Tipe 2 el ZAN تعسو سج‎ 00107% 

i 
fue factor Y which ig plotted $n Pirure 3 wos ocloul&tod using ihe 


equerion 
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For £, enval «30 degrese and es ezunl 70 degroes, substitution cave 
H orual 2.225, 

Ihe theoretical values of Rs the total neutron scatecting retio, 
abe ccleulated using Touetion (30), For this sample eorputetion a 





vakuo of 3 inches for h, emi the cylindrical shell with 6 inches radius, 
Ol inch shell thicimess and 26 inches height was selected, The value 
of for this gouetry and ile m wtron detector wed was taken fron 
Pigure 2, This سب‎ is 0.159 steratiens. The backward angle P. for 
tuis feoreiry ie 3922 degrees end the Foruará angle P p is Gieh 

thes the value of H as rivon in Figure 3 im 2:18. The mem‏ د« 





free path for seaturing, A, wes asoumed to be constent at the thermal 
value tirrouchout the energy spectrum of neutrons omitted by this 
Semce. For the eluding which is 5 per omt of ino total vViiiolmeesc 
af the shect, A, da 11,76 em. cad for the eS? miîna A, ia ING 
tas Tio, A, for tie Alcled 2457 18 0.05 times 11.76 em. plus 0.95 
times 10,60 em. which is 10466 en, tho detector angle 6, for this 
detector ar cecemetry is 11475 dorreos, Su stituting tiese values into 
Equation (12) pave R, equal 1,935, 

Peustion (21) was used to calculate the theereticc] valucs of م‎ 
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te total ¿gamma ro; Seaiticriny, retio. For this sample cclouletion, a 
velue af y inches for üp ai wm cylinorionl shell with 6 inch radius, 
0.05, inch skell tilokness and 16 inches height was selcovad, The 
Geiger tube has a oylindrical active volime of 1.5 inches diameter by 
2,375 inches length. The value ol n for this goonetay, as teken fron 
Figure 2, ig O.052 sierediong,. 

Asoiming tha. tho اوه‎ of impurities present is one-half of Lie 
mayna, HQ» te number of clesiwons por cubic em., for ihe ast 
ium ello ves calenlatel Y be 6.08 & MO”? avi Jon the cladding, 
7,3 z 107, thus, the weighted value of n, ie 0,05 tines 7493 x 
10^ pius 06.25 times 0,02 x apò" ich 18 0,02 x w”. 

Whe beekwere. angle for tiie geametry in «50,0 derrees and the 
fowwer. ongle is 406,75 despses, tus the value of H as given in Figure 
3 is 2417. “he detector angle for this peopetay is 10.6 degrees, 

The differential eress section à 6 fin for saws ray seattiering 
iI a function of poth the come ray energy an) the engle of scattering. 
However, lt ws pwoviousiy asyet to6t & cerctent value couki be 
used for anpcles of sentl.crbu; prenter tin about 70 dezrece.  Plesset 
and Gohen (5) presented a plot 6E d ofan for various peme rip 
energieé and angles of scatterin,. For 102 Mev game rags, tho 
average value of d c /d.n. for geattering angles greater than 70 
Geproes is 9.09 x ye per electron per Square Che end for 1.53 Mev 
gums repo it is Osu x x por 9eleciron per Square ie 


^ 


7 4 jm 1 سا ` غ‎ 
imar; disintegration of a Co” nucleus results in the emission of 


& castis af ro jame rays, tite first with an energy of 1,17 Mev and 
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the second with m energy of 1.33 fev. fy usin siraigitt line inter- 
polawion betwen she two velmes of d o /& n given above, do fa n 
for Ue lel? Kev cama rays ves found to ve 0,2 x pe par electron 
pet square cm and lor the 1,33 lov mme. mys it was evalr tod as 
لاوق‎ x w per electron nor square cm. Since tie mbor of pama 
rege mel by the wource arc aquel for each of the two enerpien, the 
RE1 FUME of ۵ fa n wis foumi by multiplying each of the two 
ve of do fia By O65 ond aa Thus d o /à n weed in the 
equation for EN 18 06۳ x ye per Sicelron por ouere cm. 


Guwstituting Lik. cuanvltieo cvclunted above gave a value of 1.9067 


fe li. + 
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